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FOREWORD 


The  U.  S.  Army  Personnel  Research  Office  has  undertaken  a  comprehensive  program  of  re¬ 
search  aimed  at  increasing  the  fulfillment  of  personnel  utiliiation  objectives,  particularly  within 
the  Army's  manned  systems.  The  utilization  research  effort  is  divided  between  two  app'oaches, 
both  concerned  with  enhancing  the  capabilities  of  rhe  human  foictor  in  Army  systems.  One  approach 
is  characterized  by  intensive  research  on  specific  Army  mon-machine  complexes.  A  second  mare 
general  approach  is  the  experimental  study  of  important  behavioral  functions  with  the  objective  of 
gaining  better  understanding  of  these  functions  and  applying  the  findings  across  a  number  of  dif¬ 
ferent  systems. 

The  COMMAND  SYSTEMS  Task  seeks  to  develop  research  information  by  which  the  effective¬ 
ness  of  command  information  processing  systems  may  be  maximized,  pursuing  its  objective  through 
intensive  experimentation  on  manned  systems  of  a  specific  class.  The  present  publication  deline¬ 
ates  the  scope  and  structure  of  the  research  program  and  the  major  subtcsks  that  hove  been  estab¬ 
lished.  A  previous  U.  S.  Army  Personnel  Research  Office  report,  Human  Factors  Research  in 
Command  Information  Processing  Systems  (Technical  Research  Report  1145),  presents  a  summary 
of  current  Task  activities. 

The  entire  research  Task  is  responsive  to  special  requirements  of  the  Combat  Developments 
Command,  the  Army  Materiel  Command,  and  the  Automatic  Data  Field  Systems  Command,  as  well  as 
to  requirements  to  contribute  to  achievements  under  the  RD  f&E  Project  2J024701A723,  Human 
Firformonce  in  Military  Systems 
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BRIEF 


Requirement: 

To  present  the  ic op*  and  organization  of  the  r*i*orch  program  of  the  COMMAND  SYSTEMS  Task  as  in 
protest  and  as  projected. 


Proc*dur«: 


Following  a  survey  of  military  information  processing  *quipm*nt  and  opera*:ons  and  plans  for  command 
information  processing  systems,  basic  human  factors  problems  were  identified  and  organized  around  five  criti¬ 
cal  operations:  screening  incoming  data,  transforming  raw  data  for  input  into  storage  devices,  input,  assimila 
tion  of  displayed  information,  and  decision  making.  A  research  program  was  formulated  comprising  six  sub¬ 
tasks: 


Subtask  a. 
Subtask  b. 
Subtask  c. 
Subtask  d. 
Subtask  *. 
Subtask  f. 


Screening,  routing,  and  expediting  operational  information. 
Methods  of  data  transformation  for  system  compatibility. 
Techniques  for  rapid  and  accurate  information  input. 
Information  assimilation  and  transfer  from  displays. 
Effective  aids  in  the  decision  process. 

System  integration. 


Scope  of  the  Report: 

The  program  represents  a  comprehensive  approach  to  research  concerned  with  automated  command  in¬ 
formation  processing  systems,  ranging  from  detailed  studies  of  discrete  human  functions  to  integration  of  siz¬ 
able  man-machine  complexes--al I  essential  to  effectuating  field  army  command  systems  of  high  combat  effec 
tiveness.  The  program  has  an  empirical  and  quantitative  orientation  and  implies  a  multi-disciplinary  effort. 

It  is  so  formulated  that  it  can  be  modified  as  research  findings,  as  well  as  the  developing  technology  of  infor¬ 
mation  processing  and  the  tactical  needs  for  information  dictate.  Carried  to  conclusion,  the  program  may  en¬ 
able  developers  and  users  to  anticipate  and  avoid  many  pitfalls  in  future  generations  of  command  systems. 

Emphasis  cunently  and  for  the  immediate  future  is  on  studies  dealing  with  information  assimilation  an' 


decision 

subtasks 

making.  Studies  on  nine  motor  aspects  of  these  functions  are  delineated, 
are  discussed  more  generally. 

Plans  for  the  remaining 

The  nine  series  of  studies  planned  or  in  progress  in  the  areas  of  information 
making  are: 

assimilation  and  decisioi 

1. 

Amount  and  density  of  information. 

II. 

Specificity  of  information. 

III. 

Alpho-numefic  and  symbolic  presentation. 

IV, 

Type,  extent,  and  rate  of  information  updoting. 

V. 

Coding  of  updated  information  and  hard  copy. 

VI. 

Sequence  of  informat  jn  presentation. 

VII. 

Individual  and  group  work  methods  and  displays. 
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The  A nay  is  developing  Automated  Data  Systems  within  the  Army  in  the 
Field  (ADSAF)  for  receipt,  processing,  storage,  retrieval,  and  display 
of  different  types  and  vast  amounts  of  military  data.  The  ADSAF  concept 
includes  a  network  of  cross-linked  highly  automated  computerized  systems, 
each  dealing  with  relatively  specialized  functions,  and  all  feeding  in¬ 
formation  to  an  automated  tactical  operations  system  (TOS) .  Since  effec¬ 
tive  performance  of  these  new  systems  depends  ultimately  an  human  com¬ 
ponents,  the  need  for  human  factors  information  is  paramount.  The  pres¬ 
ent  report  describes  the  scope,  rationale,  and  organization  of  a  research 
program  to  provide  that  information.  The  research  is  conducted  by  the 
COWAND  SYSTEMS  Task  of  the  U.  S.  Army  Personnel  Research  Office. 


OBJECTIVES  OF  THE  RESEARCH  PROGRAM 


Task  objectives  are  to  maximize  combat  effectiveness  of  current  and 
future  command  information  processing  systems  by  providing  designers, 
developers,  and  users  information  concerning: 

1.  Cbjective  performance  measures  for  evaluation  of  system  and 
subsystem  effectiveness. 

2.  Effects  of  characteristics  of  the  information  presented — amount, 
density,  type,  coding,  updating,  etc. 

3.  Capabilities,  limitations  and  reliability  of  human  performance. 

'+.  Various  modes  and  sensory  modalities  of  presenting  information 
for  «.  (simllatian  and  decision  making. 

5.  Specification  of  effective  individual  and  group  work  methods 
and  techniques. 

6.  Allocation  of  functions  among  men  and  equipment. 

7.  Procedures  for  identification  and  assignment  of  appropriate 
personnel  to  critical  positions. 

>4an-Eachine  implications  of  alternative  system  conf igurationa . 


3. 


AUTOMATED  TACTICAL  OPERATIONS  SYSTEMS 


Major  Activities 

An  automated  tactical  operations  system  (TOS)  is  a  facility  in  which 
representatives  of  general  and  special  staff  sections  are  concerned  with 
current  tactical  and  tactical  support  operations.  These  representatives 
assist  the  cconaader  in  the  tactioal  operations  aspects  of  his  exercise 
of  command  by  providing  current  information  on  the  tactical  support  avail¬ 
able  and.  intelligence  estimates  of  enemy  actions,  by  making  recommendations 
for  command  decisions,  and  by  issuing  instructions .  Rapid 

coordination  among  operational  staff  elements  is  essential  in  view  of  the 
advent  of  nuclear  weapons  and  increased  capabilities  for  mobility. 

The  purpose  of  an  automated  TOS  is  to  assist  the  staff  in  the  re¬ 
ceipt,  processing,  storage,  display,  and  transmittal  of  information 
usually  represented  in  maps,  charts,  journals,  and  work  sheets.  The  TOS 
nay  perform  certain  computations  on  call — target  analysis,  fallout  pre¬ 
diction,  and  troop  movements— using  input,  storage,  computing,  display, 
and  con— uni  cations  devices.  Automation  will  enable  the  center  to  provide 
information  of  greater  scope,  depth,  and  timeliness  and  will  allow  more 
time  far  consideration  and  use  of  this  information  in  decision  making. 

Some  activities  that  will  take  place  in  a  TOS  are: 

1.  Continuous  and  simultaneous  display  and  evaluation  of  available 
Information  required  for  decisions  concerning  tactical  and  tactical 
support  operations. 

2.  Caamm.1  cation  of  ta-^ical  information  and  requirements  to  appro¬ 
priate  general  staff  sections,  and  transmission  of  instructions  to  tacti¬ 
cal  units  and  tactical  support  units  or  agencies. 

3«  Continuous  transmission  of  situation  information  by  each  element 
in  a  TOS  to  the  corresponding  element  in  an  alternate  TOS. 


Critical  Information  Procasting  Functions 


An  automated  TOS  viU  receive  vast  amounts  of  information  from  many 
and  varied  sources.  The  information  varies  widely  in  content,  form,  and 
degree  cf  completeness,  .further,  the  information  ccften  affects  several 
different  staff  groups.  The  raw  data  require  a  great  deal  of  handling 
and  processing  by  man  and  equipment.  Personnel  will  work  under  a  vide 
variety  of  conditions  ranging  from  situations  that  are  relatively  pres¬ 
sure-free  to  those  that  are  over-whelmlngly  burdensome .  Looking  at  the 
system  as  a  whole,  there  appear  to  be  five  critical  operations  that  «»n 
and  equipment  have  to  perform  (Figure  l) : 


1.  Screen  incoming  data  for  pertinence,  credibility,  impact, 
priority,  and  routing. 

2.  Transform  the  raw  data  for  input  into  storage  devices. 

3.  Input  the  transformed  data  into  storage  devices  for  subsequent 
computation  and  display  (Figure  2,  3) . 

4..  Assimilate  data  displayed  (Figure  4). 

5.  Decide  on  courses  of  action  based  on  information  displayed  and 
information  from  other  sources. 

Other  operations  that  must  be  performed — computer  programming, 
trouble  shooting,  and  maintenance  of  equipment — have  been  deliberately 
excluded  from  the  COMMAND  SYSTEMS  Task  research  program  aa  not  falling 
within  the  relatively  homogenous  domain  of  real-time  processing  of 
operational  tactical  information,  the  major  focus  of  the  program. 


DELINEATING  THE  RESEARCH  PROBLEMS 


The  major  problems  in  and  surrounding  automated  consnand  information 
processing  systems  emerge  from  a  lack  of  experience  in  the  use  cf  such 
systems.  From  an  examination  of  Army,  Bavy,  and  Air  Force  reports  and 
human  factors  research  literature  and  from  observation  of  equipment  and 
systems  in  operation,  a  number  of  basic  and  critical  questions  were 
identified  which  have  to  be  answered  before  such  systems  can  be  designed 
and  used  moat  effectively.  These  questions  have  implications  far  all 
five  critical  human  information  processing  functions.  The  questions 
interact  within  each  functional  area  and  have  an  impact  cn  the  other 
areas  as  well.  The  particular  grouping  of  questions  is  somewhat  arbi¬ 
trary,  and  other  patterns  may  emerge  after  additional  research  is  per¬ 
formed  in  these  information  processing  systems. 

Since  automated  coronary)  systems  are  designed  to  furnish  information 
to  the  commander  and  his  staff  to  assist  them  in  the  critical  functions 
of  information  assimilation  and  decision  making,  current  task  activity 
centers  about  problem  formulation  and  research  in  these  two  functions. 
These  probleaa--and  research  studies  designed  to  resolve  them— are  de¬ 
scribed  in  seme  detail.  Questions  are  stated  from  the  point  of  view  of 
optimizing  accuracy,  appropriateness,  and  speed  of  information  assimila¬ 
tion  and  decision  making.  Questions  clustering  about  screening,  input, 
transformation  of  information  and  system  integration  are  subjects  of  a 
more  general  discussion  presented  later. 


Figure  4.  Example  of  group  display. 
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Ovaractaritfics  of  Information  Ditployad 


In  this  Area.,  questions  revolve  around  (l)  the  amount  of  information 
it  is  possible  to  absorb,  integrate,  and  veigh  effectively;  (2)  the  den¬ 
sity,  format,  and  coding  that  are  best  for  presentation  and  conspicuity 
of  information;  (5)  the  most  appropriate  combinations  of  specific  infor¬ 
mation  and  general  information  to  be  included  in  the  system;  and  ( h)  the 
relative  effectiveness  of  alpha-numeric  (totes)  and  symbolic  (maps  and 
overlays)  display  of  different  classes  of  information. 


Dynamic  Aspects  of  Information 

Questions  in  a  second  category  are  concerned  with  the  dynamic  as¬ 
pects  of  the  information  presented  to  commanders  and  their  staffs.  What 
combinations  of  rate  of  information  updating  ard  degree  of  change  in  an 
update  are  optimum  for  depicting  changes  that  have  occurred?  What  is  the 
utility  of  coding  updated  information  in  transient  displays  to  highlight 
changes  in  a  situation?  How  useful  is  hard  copy  for  comparing  past  in¬ 
formation  with  current  information?  For  pointing  up  trends  and  provid¬ 
ing  a  sense  of  "history"?  For  manual  backup  and  use  in  alternate  TOC's? 
When  information  is  available  at  varying  levels  of  specificity  and  in 
different  scales,  are  certain  sequences  of  viewing  the  information  better 
than  others? 


Display  Moda* 


What  display  or  sensory  modalities  are  best  for  information  assimi¬ 
lation  and  decision  making?  Would  certain  combinations  of  sensory  modal¬ 
ities  enhance  performance?  What  are  the  relative  merits  of  group  versus 
individual  displays  and  work  methods?  Are  both  ki  nrin  necessary? 


Computer-Aidad  Performance 

Problems  in  a  fourth  category  concern  the  use  of  a  computer  as  an 
aid  in  generating  quantitative  estimates  of  the  probability  of  events, 
decision  alternatives,  and  consequences.  Research  in  this  area  seeks  to 
extend  the  role  a f  the  computer  and  capitalize  on  its  capabilities  beyond 
its  delimited  use  as  a  rapid  and  convenient  device  for  driving  displays 
and  for  information  storage  and  retrieval. 


RESEARCH  APPROACH 


The  overall  approach  integrates  several  series  of  empirical  studies 
through  laboratory  simulation  of  the  five  major  information  processing 
functions.  3y  and  large,  these  functions  will  first  be  studied  separately 


for  better  control  and  comprehension.  Research  findings  will  then  be 
synthesized  and  applied  in  the  integration  of  the  five  functions  into 
alternative  system  configurations.  Most  of  the  research  effort  for  the 
next  several  years  will  concentrate  on  the  functions  of  information  as¬ 
similation  and  decision-making  unless  circumstances  and  resources  indi¬ 
cate  a  shift  in  emphasis  or  a  broader  effort. 


Th«  Command  Systems  Laboratory 


To  simulate  certain  aspects  of  TOS  functions  (operations,  intelli¬ 
gence),  a  research  laboratory  was  established.  The  following  equipment 
has  been  acquired: 

Two  random  access  slide  projectors  ( 100 -slide  capacity  each) .  The 
elide  projectors  allow  for  quick  access’  to  a  variety  of  slides  and  use  of 
overlay  techniques  for  presenting  information. 

Large  rear-view  projection  screen.  This  type  of  screen  permits 
illumination  of  the  work  area,  reducing  the  possibility  of  after-images 
without  interfering  with  easy  group  viewing  of  the  displayed  material. 

Three  Individual  viewing  consoles.  Conpcnents  of  the  AM/M3Q-19 
(a  prototype  Automated  Tactical  Operations  Center)  became  available. 

The  COMMAND  SYSTEMS  Task  acquired  three  individual  consoles  and  acces¬ 
sory  equipment  for  individual  viewing  of  any  kind  of  information — up  to 
five  slides  per  console  simultaneously  in  full  color,  color  coded,  or 
black  and  white. 

Five  time -and -event  recorders.  These  recorders  were  acquired  in 
order  to  allow  collection  of  group  data  and  to  provide  a  permanent  record 
of  time  and  response  simultaneously. 

Photographic  station.  The  station  contains  a  camera  and  processing 
equipment  for  the  rapid  photographing  and  slide  generation  of  chart  and 
map  layouts  (stimulus  materiel).  A  printing  and  developing  unit  uses 
the  master  transparency  to  prepare  35-njm  chips  compatible  with  the  random 
access  capability  of  group  and  individual  displays. 

The  laboratory  is  gradually  being  equipped  with  peripheral  equipment 
and  various  communication  devices.  U.  S.  AFRO  computer  facilities  are 
being  made  available  to  the  Task. 


STUDIES  IN  INFORMATION  ASSIMILATION  AND  DECISION  MAKING 


Studies  will  be  conducted  using  alpha-numeric  and  symbolic  informa¬ 
tion.  The  criterion  or  performance  measures  will  consist  of  one  or  more 
measures  of  accuracy,  quality,  time,  and  certitude.  The  studies  will  in¬ 
corporate  substantive  military  problems,  quantitative  and  qualitative 
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Table  1 


SUMMARY  CF  ESTIMATED  MAR-YEARS  FCF  EACH  PROJECT  BY  FISCAL  YEAR 


Fiscal.  Year 


Total 


Series  and  Project 


I.  Amount  and  Density 
of  Information 
Project  1 
Project  2 

II.  Specificity  of 
Information 
Project  1 
Project  2 

III.  Alpha-Numeric  and 

Symbolic  Presentation 
Project  1 
Project  2 

IV.  Type,  Extent,  and  Rate 
of  Information  Updating 
Project  1 
Project  2 

V.  Coding  of  Updated  In¬ 
formation  and  Hard  Copy 
Project  1 
Project  2 
Project  3 

VI.  Sequence  of  Information 
Presentation 
Project  1 
Project  2 

VII.  Individual  &  Group  Work 
Methods  &  Displays 
Project  1 
Project  2 

VIII.  Visual  and  Auditory 
Displays 

Project  1 
Project  2 

DC.  Computer-Aided  Perfor- 


Priority  6^  65  66  67  68  69  70  71  ?2  73  ftem-Yean 


usance 


Project  1 
Project  2 


Total  Man-Years 


5555555353 


aspects  c*f  inf ormation,  format  variations,  *nd  conceptual  levels  of 
information,  and  will  sample  problem  solving  situations  of  different 
complexity  levels  ranging  fran  slow  to  rapid  changes  of  events. 

Each  project  (Table  l)  vill  require  several  separate  studies  for 
completion.  The  list  is  not  considered  exhaustive;  results  from  these 
projects  will  indicate,  an  an  empirical  basis,  how  to  proceed.  Further, 
any  one  project  nay  be  conducted  alone  or  in  combination  with  others, 
whichever  is  most  feasible.  Priorities  (A,  B,  C)  represent  planned  pro¬ 
ject  initiation  dates — the  first  third,  second  third,  and  last  third  of 
a  10-year  (50  man-year)  research  effort.  The  planned  sequence  is  based 
upon  need  for  certain  findings  that  are  prerequisite  to  further  pursuit 
of  the  progrrm  as  well  as  on  feasibility  in  terms  of  Task  resources. 


SERIES  I.  AMOUNT  AND  DENSITY  OF  INFORMATION 


PRIORITY : 
ESTIMATED 

A 

MAN-YEARS: 

Project  1 

1 

Project  2 

3 

1 »  \ 

CiOl  XXT^Vu.i-o> 

INITIATION 

DATE : 

IQ63 

1965 

ESTIMATED 

COMPLETION 

DATE: 

1964 

1967 

Stat»m«nt  of  the  Problem 

The  amount  and  density  of  information  it  is  possible  to  present  to 
ccrananders  and  their  staffs  are  immense  in  view  of  current  and  anticipated 
capabilities  of  storage,  retrieval,  and  display  devices.  How  much  infor¬ 
mation  of  different  kinds  it  is  possible  to  absorb,  integrate,  and  weigh 
effectively  under  different  constraints  of  speed  and  accuracy  is  a  ques¬ 
tion  with  important  implications .  These  implications  tear  on  the  con¬ 
ceptualization  of  the  kinds  and  amounts  of  information  to  be  included  in 
the  system,  the  programing  of  the  system,  and,  as  a  consequence,  the 
design  and  development  of  the  storage  and  retrieval  aspects  of  the 
system.  This  series  cf  studies  will  deal  with  the  effect  on  performance 
of  different  amounts  and  densities  of  information  to  be  presented. 


Mathod  of  Attack 

Project  1.  Military  information  in  the  form  cf  alpha-numeric 
Friendly  Tactical  Units  Status  totes  and  symbolic  unit  deployment  over¬ 
lays  were  presented  to  subjects.  Total  amounts  cf  information  and  den¬ 
sity  were  varied.  Questions  cf  different  levels  of  complexity  were 
asked  cf  the  subjects;  alternative  answers  were  distributed  throughout 
the  displays.  Tine  taken  to  extract  the  answers  and  accuracy  cf  re¬ 
sponse  were  analyzed  as  a  function  of  the  experimental  variables.  The 
results  of  these  studies  have  been  published. 
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Project  2.  An  optimum  decision  in  a  tactical  situation  is  one  in 
which  the  correct  action  is  selected  in  the  shortest  possible  time. 
Theoretically,  the  larger  the  amount  of  relevant  information  available 
to  the  decision  maker,  the  greater  are  his  chance *  of  making  the  right 
decision.  However,  it  will  also  take  him  longer  to  consider  all  the  in¬ 
formation  available  and  make  a  decision.  In  this  project,  the  inter¬ 
relationship  of  speed  and  appropriateness  or  quality  of  decisions  will 
be  examined  as  a  function  of  amount  of  relevant,  irrelevant,  r.nd  redun¬ 
dant  information  presented.  A  number  uf  problems  will  be  developed  for 
which  several  solutions  or  decisions  of  varying  quality  are  possible. 

The  amount  of  information  available  for  solution  of  the  problems  will  be 
varied.  Speed  and  quality  of  the  decisions  will  be  analyzed  an  a  func¬ 
tion  of  amount  of  information  presented. 

Other  Projects.  Several  experiments  in  other  series  will  include 
varying  amounts  and  densities  of  information  so  as  to  ascertain  the 
interactive  effects  of  other  variables  (coding,  format,  etc.)  on  the 
shape  and  slope  of  performance  functions  involving  amount  and  density. 
The  results  may  suggest  techniques  and  methods  for  increasing  the  infor¬ 
mation  handling  and  processing  capabilities  of  humans. 


Potential  Research  Payoff 


1.  Information  on  trade-off  values  of  amount  of  information  to  be 
presented  or  ecus  lie  red,  quality  of  performance,  and  speed  of  performance. 

2.  Information  bearing  on  the  storage  and  retrieval  requirements 
of  cccauand  systems. 


SERIES  II.  SPECIFICITY  OF  INFORMATION 


PRIORITY: 

B 

Project  1 

Project  2 

ESTIMATED 

MAN-YEARS : 

1 

2 

ESTIMATED 

INITIATION  DATE: 

1967 

1968 

ESTIMATED 

CCMPmTON  DATE: 

1967 

1969 

Statement  of  the  Problem 


It  is  now  possible  to  present  in  a  single  display  large  amounts  cf 
Inf orme.tian  in  the  form  cf  detailed  symbols,  numbers,  letters,  and  words 
concerning  the  status  of  situations.  When  specific  inf ermation  is  re¬ 
quired— the  precise  number  of  men  available  for  a  mission,  for  example-- 
nothing  but  the  number  will  suffice.  However,  ’under  many  circumstances, 


a  great  deal  of  detail  may  actually  impede  the  processes  of  information 
assimilation  and  decision  making  rather  than  enhance  them.  When  differ¬ 
ent  kinds  of  information  have  to  be  collated  for  integration  and  decision 
making  purposes,  a  simpxer  and  more  gross  data  classification  or  grouping 
system  may  be  most  effective. 


Method  of  Attack 

Project  1.  This  project  will  examine  the  effects  of  variations  in 
amount  of  detail  and  in  techniques  of  grouping  and  simplifying  the  data 
presented  on  information  assimilation  and  decision  making  from  alpha¬ 
numeric  data.  Several  levels  of  detail  will  be  used  to  depict  a  chang¬ 
ing  situation.  Individuals  will  be  required  to  extract  informal!  m, 
keep  track  of  certain  aspects  of  the  situation,  and  make  Judgments  about 
what  is  likely  to  happen  (enemy  preparing  for  attack,  enemy  readying  to 
fire  a  missile,  etc.).  Performance  will  be  analyzed  as  a  function  of 
the  experimental  variations  introduced. 

Project  2.  In  this  project,  several  map  and  ov*  Lay  scales  and 
several  levels  of  unit  detail  (battalion,  regiment,  and  division)  will 
be  used  to  present  military  situations.  Subjects  will  be  required  to 
resolve  questions  and  problems  of  different  levels  .£  complexity  and 
scope.  Accuracy  of  answers,  quality  cf  dec is i  -ns,  time  taken  to  respond 
will  be  analyzed  in  relation  to  the  *~r-quenc  ,  sequence,  and  duration  of 
viewing  the  different  scales  and  lev**i8  -f  ’-*a!1. 


Potental  Research  Payoff 

1.  Specification  of  the  most  appropriate  levels  of  information 
detail  necessary  for  effective  information  assimilation  and  decision 
making  under  various  conditions. 

2.  Guidance  to  command  system  hardware  designers  and  developers 
concerning  desirable  system  storage  capacities. 


SERIES  III.  ALPHA-NUMERIC  AND  SYMBOLIC  PRESENTATION 


Project  1 

Project  2 

PRIORITY :  B 

ESTIMATED  MAN-YEARS 

1 

2 

ESTIMATED  INITIATION  DATE: 

1967 

1968 

ESTIMATED  COMPLETION  DATE: 

1967 

1969 
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Statement  of  if*  Problem 


Considering  the  mass  of  information  involved  in  large-scale  military 
operations,  significant  benefit  could  derive  from  knowledge  about  the 
relative  merits  of  presenting  information  in  alpha-numeric  or  symbolic 
form.  In  current  and  future  systems,  it  is  possible  to  present  informa¬ 
tion  in  the  form  of  tables,  charts,  graphs,  maps,  overlays,  and  highly 
abstract  symbols.  It  may  be  conjectured  that  relational  information 
tends  to  be  more  efficiently  assimilated  from  symbolic  presentations  and 
that  discrete  Information  is  more  efficiently  assimilated  from  alpha¬ 
numeric  presentations.  Choice  of  method  could  then  depend  on  the  nature 
of  the  information  and  the  objective  of  the  user.  This  aeries  of  studies 
will  examine  the  kinds  of  information,  tasks,  and  circumstances  which  in¬ 
dicate  the  use  of  one  or  another  farm  of  presentation  or  certain  combina¬ 
tions  . 


Method  of  Attack 

Project  1.  Several  situations  will  be  depicted  in  alpha-numeric 
and  symbolic  fern.  Additional  variations  of  different  aspects  of  the 
information  presented  will  be  introduced — amount,  kind  (highly  specific, 
general -relational) ,  type  of  change,  extent  of  change  and  rate  of 
change.  Subjects  will  be  required  to  perform  tasks  i  olviog  extraction 
of  information  and  armory.  Time  and  accuracy  me  ?ures  will  be  analyzed 
as  a  function  of  the  experint  *al  variations  of  .e  information  presented. 

Project  2.  Having  ascertained  the  effects  of  the  above-mentioned 
variables  on  the  performance  '  extraction  and  memory  tasks— tasks  neces¬ 
sary  for  and  part  of  more  complex  functions  such  as  information  integra¬ 
tion  and  decision  making — guidelines  will  be  available  for  incorporation 
of  these  and  other  variables  in  research  on  the  more  complex  performances 
of  interest.  Stud:  es  will  then  be  conducted  on  information  integration 
and  decision  making  using  the  same  or  similar  variables  and  the  same 
methods  of  depicting  the  problem  situations.  Speed  and  quality  cf  deci¬ 
sions  will  be  examined. 


Potential  Research  Payoff 

1.  Specification  cf  conditions  under  which  information  processing 
performance  is  differentially  enhanced  by  presenting  information  to 
commanders  and  their  staffs  in  alpha-numeric  and  symbolic  forms. 

2.  He cocmendat i ona  concerning  data  presentation  capabilities  of 
the  system. 
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SERIES  IV.  TYPE  EXTENT,  AND  RATE  OF  INFORMATION  UPDATING 


PRIORITY : 

A 

Project  1 

Project  2 

ESTIMATED 

MAN-YEARS: 

2 

2 

ESTIMATED 

INITIATION  DATE: 

196k 

1965 

ESTIMATED 

COMPLETION  DAIS: 

1965 

1966 

Statement  of  th«  Problem 


Military  operations  cover  a  broad,  spectrum  of  activities  and  situa¬ 
tion  change.  Command  system  information  updating  must  reflect  changes 
differing  in  type,  extent,  and  rate.  Information  may  be  updated  fre¬ 
quently  (near  real  time) ,  necessitating  fever  changes  and  smaller  changes 
per  update,  but  more  slides  and  input  operations.  In  contrast,  updating 
may  be  relatively  infrequent,  vith  more  and  larger  changes  per  update 
but  fever  slides  and  input  operations.  With  near  real-time  updating, 
users  of  information  may  have  difficulty  follovlng  the  frequent  changes. 
On  the  other  hand,  infrequently  updated  information  may  have  limited  use 
because  of  gaps — the  absence  of  steps  shoving  how  the  present  situation 
evolved  from  the  past.  Other  system  considerations  such  as  slide  genera¬ 
tion,  input  equipment,  and  operations  enter  into  this  problem  area. 

This  series  of  studies  vill  seek  to  provide  answers  to  such  questions  as: 
What  are  the  effects  of  variations  in  type,  extent,  and  rate  of  informa¬ 
tion  change  and  updating  on  information  assimilation  and  decision  making? 
What  are  the  capabilities  and  limitations  cf  human  avareness  and  compre¬ 
hension  of  vhat  is  going  on  under  such  different  conditions? 


Method  of  Attack 

Project  1.  Changing  field  situations  vill  be  depicted  through  a 
series  of  displays  in  vhich  changes  cf  varying  type  and  extent  have  been 
introduced.  Military  units  vill  be  removed,  added,  repositioned;  state¬ 
ments  and  figures  regarding  their  status  and  that  cf  oPher  units  vill  be 
modified.  Subjects  vill  be  required  to  extract  and  memorize  information, 
keep  track  of  the  ongoing  situations,  and  render  judgments  cm  the  basis 
of  what  is  unfolding.  Time  and  accuracy  scores  will  be  obtained  for  each 
subject's  perf crssance .  The  results  of  this  project  vill  provide  seme 
data  on  how  persons  handle  information  under  changing  conditions.  These 
data  vill  also  be  useful  in  suggesting  vhat  to  incorporate  in  more  com¬ 
plicated  research  projects. 

Project  2.  Situations  similar  to  those  used  in  the  previous  pro¬ 
ject  vi  11  be  depicted  here  except  that  variations  in  rate  of  change  and 
time  allowed  for  viewing  the  information  vill  be  introduced.  In  addi¬ 
tion,  the  technique  of  time  compression  motion  pictures  will  be  tried 


out  a*  a  means  of  enhancing  the  grasp  of  a  situation  that  Is  changing 
nlnutaly  and  at  an  extremely  slov  rate.  Tasks  and  performance  measures 
similar  to  those  enveloped  for  Project  1  wi' '  be  used. 


Potential  Rosoorch  Payoff 

1.  Techniques  for  mitigating  or  eliminating  negative  impact  of 
information  change  on  human  information  processing  performance  in  on¬ 
going  situations. 

2.  Information  on  required  updating  capabilities  for  system 
developers. 


SERIES  V.  COOING  OF  UPDATED  INFORMATION  AND  HARD  COPY 


Project  1  Project  2 

Project  3 

PRIORITY:  A  1 

ESTIMATED  MAN-YEARS: 

2  1 

1 

ESTIMATED  INITIATION  DATE: 

1964  1965 

1966 

ESTIMATED  COMPLETION  DATE: 

1965  1966 

1966 

Stotamant  of  tho  Problam 

As  situations  change,  nev  information  becomes  available  to  a  Coranand 
System.  Additions,  changes,  and  deletions  must  be  entered  into  the  sys¬ 
tem  for  information  updating.  It  may  be  highly  critical  that  the  command 
staff  bee cos  aware  of  these  changes,  however  small.  Two  ways  of  assist¬ 
ing  the  staff  in  this  connection  are  (l)  making  available  copy  of  past 
situations  to  compere  with  the  present  situations,  and  (2)  coding  up¬ 
dated  information  so  that  the  past  situation  and  the  present  situation 
are  available  on  one  slide.  Increases  in  awareness  of  a  changing  situa¬ 
tion  should  provide  a  better  sense  of  history  and  trends  and  thereby 
more  useful  information  to  enter  into  the  decision  process.  This  series 
of  studies  will  deal  with  ways  of  presenting  information  and  changes  in 
order  to  mate  them  more  conspicuous  and  more  easily  assimilated. 


MatKods  of  Attack 

Project  1.  The  purpose  of  this  project  is  to  ascertain  the  effects 
of  uncoded  information  and  hard  copy  and  several  different  kinds  of  in¬ 
formation  coding  (size,  brightness,  etc.)  on  information  assimilation 
and  decision  making.  Subjects  will  be  presented  with  series  of  uncoded 
and  coded  alpha-numeric  and  symbolic  displays  in  which  changes  of 


different  type  and  extent  have  occurred,  corresponding  to  changing 
events  in  the  real  world.  They  will  be  asked  specific  questions  regard¬ 
ing  the  content  and  changes  in  content  of  the  displays,  trends  in  the 
ongoing  situation,  and  conclusions  they  have  res^hed.  Measures  of  speed, 
accuracy,  quality,  and  completeness  of  responses  will  be  taken  and 
analyzed. 

Project  2.  If  coding  of  information  is  found  to  make  a  significant 
contribution  to  performance,  the  relative  merits  of  extended  coding  will 
be  explored.  Charges  differing  in  type  and  extent,  significant  events, 
history,  will  be  differentially  coded  for  presentation  to  the  viewers  of 
displays.  Performance  will  be  analyzed  to  arrive  at  the  merits  and 
limits  of  coding  to  determine  whether  extended  coding  makes  hanging  in¬ 
formation  more  conspicuous  more  assimilable,  ana  more  readily  used  in 
the  decision  process. 

Project  3.  A  related  set  of  studie  concerns  the  format  used  for 
information  presentation.  What  is  the  best  format  for  depicting  differ¬ 
ent  classes  of  information — vertical -horizontal  matrices  or  circular 
layouts?  What  types  of  format  are  most  amenable  to  rapid  updating?  A 
number  of  different  types  of  format  will  be  tried  out  for  presentation 
of  information.  In  addition,  simple  annotation  of  information  in  narra¬ 
tive  form  will  be  tested  against  formatting  which  is  usually  more  elabo¬ 
rate  and  less  flexible. 


Potential  R«**arch  Payoff 

1.  Findings  concerning  ways  of  presenting  information  for  maximum 
use  by  operational  personnel  in  dynamically  changing  real-time  situations. 

2.  Information  for  designers  and  developers  on  Bystem  capabilities 
(codes,  hard  copy,  format)  which  may  be  desirab'  or  necessary. 

SERIES  VI.  SEQUENCE  OF  INFORMATION  PRESENTATION 


Project  1 

Project  2 

FRICFITY:  C 
ESTIMATED  MAN-YEARS : 

2 

2 

ESTIMATED  INITIATION 

DATE: 

1970 

1972 

ESTIMATED  COMPLETION 

DATE: 

1971 

1973 
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Swunt  of  14m  Problem 


Automated  command  information  processing  systems  will  contain  infor¬ 
mation  of  different  levels  of  specificity  or  detail  in  the  form  of  alpha¬ 
numeric  charts  and  map  and  overlay  scales.  Individual  users  of  these 
systems,  vhen  left  to  their  own  devices,  will  vary  in  the  order  in  which 
they  go  through  and  consider  charts  and  scales  of  different  levels  of 
specificity  in  the  solution  of  problems.  _  Examples  from  research  testify 
to  the  inadequacy  of  work  methods  arrived  at  through  "natural  inclina¬ 
tion".  This  series  of  studies  will  attempt  to  shed  bcdc  light  on  the 
following  kinds  of  questions:  Should  the  sequence  of  information  pre¬ 
sentation  be  determined  or  should  the  user  be  able  to  interrupt  the 
sequence  and  establish  his  own?  Quite  apart  free  sequence  through  dif¬ 
ferent  levels  of  information  specificity,  should  users  trigger  the  sys¬ 
tem  for  important  information  or  should  the  system  alert  the  users  vhen 
important  information  is  received?  Is  human  interruption  likely  to 
cause  Important  information  to  be  suppressed  in  a  developing  sequence  of 
information  depicting  events  in  the  real  world?  In  short,  how  active  a 
role  should  the  information  user  play  in  these  systems  and  under  what 
circumstance s ? 


Metfwd  of  Attock 

Project  1.  In  this  project,  studies  will  be  conducted  on  the 
simpler  tasks  of  information  extiact:  on  and  assimilation.  Situations 
vi  11  be  depicted  with  information  of  different  levels  of  specificity. 
Events  of  varying  importance  will  be  built  into  the  situations.  Experi¬ 
mental  sequences  of  information  presentation  will  be  developed  and  tested 
against  sequences  preferred  by  individuals  and  groups.  Accuracy  and 
speed  of  information  acquisition  and  assimilation  will  be  compared  for 
the  different  sequences. 

Project  2.  It  may  be  hypothesised  that  users  should  play  a  more 
active  roltj  with  relatively  simple  tasks  under  no  serious  time  con¬ 
straints  and  having  no  serious  conaenuences  and  a  more  passive  role  with 
more  complex  tasks  under  severe  time  constraints  and  having  the  poten¬ 
tial  far  major  impact.  Project  1  deals  with  the  simpler  tasks. 

Studies  under  Project  2  deal  with  the  more  complex  tasks.  Situations 
and  variables  similar  to  those  in  Project  1  will  be  used  he^-e.  The  per¬ 
formance  of  interest,  however,  will  be  speed  and  quality  of  Judgments 
and  decisions. 


Potential  Research  Payoff 

1.  Problem  solving  methods  for  ’users  of  information  in  rrrmmA 
systems. 

2.  Desirable  computer  and  inforaation  presentation  capabilities 
for  designers  of  systems. 


-  16  - 


SERIES  VII.  INDIVIDUAL  AND  GROUP  WORK  METHODS  AND  DISPLAYS 


Project  1 

Project  2 

PRIORITY:  B 
ESTIMATED  MAN-YEARS : 

2 

2 

ESTIMATED  INITIATION 

DATE : 

1968 

1970 

ESTIMATED  COMPLETION 

DATE: 

1969 

1S71 

Stat»m#nt  of  th«  Problem 

When  a  group  of  individuals ,  each  with  different  major  responsibili¬ 
ties,  are  Jointly  involved  in  the  solution  of  complex  problems  and  arriv¬ 
ing  at  major  decisions,  can  they  vork  more  effectively  when  considering 
the  same  information  simultaneously  from  one  large  group  display  or 
several  Individual  displays?  Or  is  it  better  for  them  to  viev  whatever 
each  feels  is  most  relevant  on  his  own  individual  display?  Should  each 
arrive  at  independent  decisions  and  iiien  pool  t^era  or  should  the  ulti¬ 
mate  decision  be  made  Jointly  through  give  and  ..'•*?  One  large  display 
may  provide  the  opportunity  for  rapid  and  rutuXly  enhanced  communica¬ 
tion  and  thought  processes.  However,  a  number  of  smaller  individual 
displays  adds  flexibility  in  that  all  specialists  can  view  independently 
and  simultaneously  those  information  facets  most  relevant  to  their 
special  interest.  They  can  then  gather  to  view  the  large  display  and 
take  advantage  of  rapid  and  personal  interaction  and  communication  to 
resolve  the  issues  before  them.  There  are  many  more  combinations  end 
permutations  that  can  be  proposed.  Studies  in  this  area  will  seek  to 
test  the  validity  and  utility  of  various  procedures.  The  relative  effec¬ 
tiveness  of  group,  individual,  and  combined  work  methods  and  displays 
will  be  evaluated  in  a  number  of  problem  solving  situations. 


Method  of  Attack 

Project  1.  Studies  'under  this  project  will  deed  with  individual  and 
group  displays  and  work  methods  for  extraction  and  assimilation  of  highly 
specific  information  such  as  may  be  found  in  alpha-numeric  and  symbolic 
displays.  These  studies  will  serve  to  identify  the  most  premising  work 
methods  and  displays.  The  results  may  also  provide  guidelines  for  re¬ 
search  on  the  more  complex  task  of  decision  making.  Accuracy  and  com¬ 
pleteness  of  information  and  time  scores  will  he  compared  in  terns  of 
the  experimental  variables. 

Project  2.  Similar  displays  and  vork  methods  will  be  used  with 
tasks  requiring  Judgments  \rd  decisions  based,  on  more  general  relational 
information  such  as  nay  be  found  in  symbolic  displays  depicting  the  de¬ 
ployment  of  forces.  It  may  be  that  in  this  situation,  group  displays 
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and  vo rh  methods  are  indicated,  whereas  in  the  situation  requiring 
specific  information  the  group  display  could  result  in  unnecessary  delay 
for  other  users  waiting  their  tv-rn  for  information  specific  to  their 
needs.  In  this  project,  measures  of  speed  and  quality  of  performance 
will  be  compared  across  work  methods  and  displays. 


Potential  Rasoarch  Payoff 

1.  Recaamendations  concerning  individual  and  group  work  methods 
far  different  v-i  nd*  of  tasks  to  be  performed  by  users  of  information. 

2.  Guidance  to  systems  designers  regarding  the  incorporation  of 
individual  and  group  displays. 

SERIES  VIII.  VISUAL  AND  AUDITORY  DISPLAYS 


PRIORITY :  C 

Project  1 

Project  2 

ESTIMATED  MAN-YEARS: 

2 

2 

ESTIMATED  INITIATION  DATE: 

1970 

1972 

ESTIMATED  COMPLETION  DATE: 

1971 

1973 

St ata wont  of  tf*o  Problom 


Only  visual  and  auditory  media  are  used  far  information  transfer 
in  automated  c remand  information  processing  systems.  Because  of  certain 
limitations  of  the  auditory  sense — fever  dimensions  for  coding,  atten¬ 
tion  demands,  sequential  arrival  of  information,  rate  of  information 
transmission  limited  to  speaking  rate —  more  and  more  emphasis  appears 
to  have  been  placed  cn  visual  displays.  It  seems  reasonable  to  question 
whether  visual  channels  are  overloaded,  and  whether  auditory  channels 
are  being  sufficiently  utilized.  Sene  of  the  very  limitations  of  the 
auditory  sense  may  possibly  be  exploited.  If  the  information  is  simple, 
if  there  are  frequent  and  prolonged  periods  of  quiescence,  if  seme 
classes  of  information  are  better  assimilated  and  utilized  when  presented 
in  a  particular  sequence,  auditory  channels  might  be  preferable.  The 
following  studies  will  address  themselves  to  acne  of  these  questions. 


Matbod  of  Attack 

Project  1.  Examples  of  studies  in  this  area  are  a  comparison  of 
the  relative  merits  of  the  two  media  for  various  classes  of  inf on»tion, 
and  the  effect  of  different  allocations  of  information  transmission  load 
to  sensory  media.  Here  again,  the  level  of  information  specificity  may 
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play  an  Important  role.  For  example,  the  auditory  sense  may  be  perfectly 
adequate  for  highly  specific  concrete  information  in  the  form  of  parti¬ 
cular  letters,  words,  or  numbers  and  thereby  make  it  possible  to  lessen 
the  load  on  the  visual  sense.  Conversely,  it  may  be  desirable  to  reserve 
visual  channels  for  the  perusal  and  consideration  of  more  general  rela¬ 
tional  information. 

The  studies,  therefore,  will  be  concerned  with  the  presentation  of 
the  same  kinds  of  information  to  the  two  senses  and  varying  allocations 
of  different  kinds  of  information  to  the  two  senses.  Accuracy,  complete¬ 
ness,  and  speed  of  performance  will  be  analyzed  as  a  function  of  the 
experimental  manipulations. 

Project  2.  A  related  but  somewhat  separate  area  of  endeavor  is 
the  exploitation  of  the  simultaneous  vise  of  different  senses.  Multiple 
channels  operating  simultaneously  may  be  found  to  be  particularly  effec¬ 
tive  in  alerting  users  to  important  aspects  of  information,  in  reinforc¬ 
ing  the  acquisition  and  retention  of  particular  facts  and  relations. 

This  approach  may  be  necessary  if  the  amount  of  visual  coding  of  infor¬ 
mation  that  is  possible  reaches  its  limits  rather  quickly.  These  con¬ 
cepts  will  be  tested  in  several  situations  ranging  in  degree  of  task  com¬ 
plexity.  Single  and  simultaneous -multiple  channels  will  be  compared  in 
their  effects  on  performance. 


Potential  Research  Payoff 

1.  Guidance  to  ccraaand  system  designers  and  developers  concerning 
communication  channel  capability,  allocation,  and  integration. 

2.  Work  methods  and  techniques  for  improving  information  ccnspicu- 
ity,  transmission,  and  retention. 


SERIES  IX.  COMPUTER-AIDED  PERFORMANCE 


Project  1 

Project  2 

PRIORITY : 

A 

ESTIMATED 

MAN-YEARS : 

8 

12 

ESTIMATED 

INITIATION 

DATE: 

1964 

1969 

ESTIMATED 

COMPLETION 

DATE: 

1968 

1973 

Statement  of  the  Problem 

This  area  places  major  emphasis  on  the  use  of  the  computer  as  an 
aid  to  man  in  information  assimilation  and  decision  making  rather  than 
merely  as  a  rapid  and  convenient  information  storage  and  retrieval  device. 


-  19  - 


It  is  envisaged  that  the  computer  can  perform  at  least  two  very  signifi¬ 
cant  functions:  {l)  compute  and  furnish  useful  credibility  and  probabil¬ 
ity  data  about  the  operational  information,  thereby  assisting  the  cocmanc 
staff  to  vade  through  vast  amounts  of  information,  enhancing  the  compre¬ 
hension  and  grasp  of  a  complex  situation,  and  providing  assistance  in  th< 
weighting  and  tradeoff  process  that  must  occur  when  many  factors  must  be 
considered;  (2)  integrate  and  synthesize  a  number  of  lower  order  deci¬ 
sions  into  one  or  more  ultimate  decisions  with  estimates  of  consequences. 


Method  of  Attack 

Project  1.  A  series  of  studies  will  be  conducted  in  which  military 
situations  and  information  will  be  depicted  without  and  with  accompanying 
data  an  credibility  or  sources  of  information  (enemy  prisoner,  photo¬ 
graph)  and/or  probability  of  various  events  (p  -  -7  that  the  enemy  mis¬ 
sile  is  being  readied  to  fire)  and  without  such  auxiliary  information, 
further,  the  farm  and  content  of  these  accompanying  data  will  be  varied. 
Problems  and  questions  of  varied  complexity  will  be  presented  to  the 
subjects.  Performance  will  oe  analyzed  to  ascertain  the  degree  to  which 
such  data  improve  information  assimilation  and  decision  raking. 

Project  2.  Studies  under  this  project  will  deal  with  the  develop¬ 
ment  and  validation  of  models  for  arriving  at  decisions  through  the 
simultaneous  consideration  of  many  factors  and  through  the  initial  frac¬ 
tionation  of  the  problem  .  nto  sub-problems  and  the  synthesis  of  sub- 
decisions  into  more  ultimate  decisions.  Much  of  this  work  will  be  dene 
through  the  use  of  computer  simulation  to  sort  out  the  most  promising 
approaches.  Studies  will  follow  in  which  a  computer  will  serve  as  an 
aid  to  the  persons  who  have  the  responsibilities  far  making  decisions 
in  man-computer  systems.  Decision  speed  and  quality  will  be  analyzed 
as  a  function  of  the  different  models  and  techniques  introduced. 


Potential  Research  Payoff 

1.  Improved  methods  for  extraction,  assimilation,  and  retention  of 
information  by  operational  personnel. 

2.  Improved  speed  and  quality  of  decisions. 

3.  Information  on  computer  and  data  presentation  capabilities  re¬ 
quired  for  command  information  processing  systems. 


STUDIES  IN  INFORMATION  PREPARATION 


Inasmuch  as  the  Task  effort  for  the  next  few  years  will  be  concen¬ 
trated  cn  the  functions  of  decision  making  and  information  assimilation 


fran  displays,  the  present  report  deads  only  briefly  vith  the  screening, 
transforming,  and  input  functions  of  the  TOS.  A  more  coup-re benaive  and 
articulated  statement  of  planned  research  on  *he  information  preparation 
functions  will  be  prepared  prior  to  implementation  of  research  on  those 
functions . 

The  experimental  variables  to  be  dealt  vith  in  research  on  the  infor¬ 
mation  preparation  functions  will  overlAp  vith  those  investigated  in  the 
studies  outlined  for  infc  nation  assimilation  and  decision  making.  The 
primary  purpose  vill  be  to  ascertain  hov  human  performance  in  decision 
making  and  information  assimilation  can  best  be  served  by  preparation  of 
the  information.  The  probable  impact  on  load,  speed,  and  accuracy  of  in¬ 
formation  preparation  of  requirements  arising  out  of  research  on  deci¬ 
sion  making  and  information  assimilation  can  best  be  seen  in  the  context 
of  the  studies  deeding  vith  specificity,  adpha-numeric  and  symbolic  pre¬ 
sentation  of  information,  probability  information  in  decision  making, 
and  type,  extent,  and  rate  of  information  updating.  Findings  in  those 
areas  can  be  expected  to  have  an  impact  cn  information  preparation 
functions  with  respect  to  number,  type,  and  rate  of  separate  inputs, 
data  transformation,  screening  and  sorting  categories  required. 

By  vay  of  specific  examples,  the  close  interrelationships  among  the 
five  human  functional  areas  can  be  seen  by  tracing  the  implications  of 
some  findings  throughout  the  five  functions . 

The  input  function  is  directly  affected  by  the  resolution  of  prob¬ 
lems  in  the  information  assimilation  and  decision  making  areas.  Conclu¬ 
sions  concerning  amount,  density,  specificity,  content,  and  form  of  in¬ 
formation  to  be  presented  to  the  commander  and  his  staff  vlll  affect  the 
load  and  demands  an  the  input  operators.  For  example,  findings  on  the 
general  effectiveness  of  alpha-numsric  and  symbolic  displays  may  con¬ 
flict  vith  the  efficiency  vith  which  information  can  be  input  though  the 
corresponding  input  devices.  While  symbolic  representation  may  be  more 
useful  in  the  decision  making  process,  input  of  nymbolic  information  may 
prove  to  be  very  costly  in  terms  of  time  and  accuracy,  especially  vhen 
different  map  and  overlay  scales  have  to  be  used.  Other  related  ques¬ 
tions  must  be  answered  concerning  the  types  of  device  (keyboards,  light 
pens,  styluses)  and  input  verification  methods  that  are  best  for  input 
and  update  functions. 

When  the  implications  of  these  factors  are  traced  back  to  the  trans¬ 
forming  operation  that  precede  information  input,  additional  considera¬ 
tions  must  be  faced.  Findings  can  be  expected  to  influence  the  total 
amount  of  transforming  that  will  have  to  be  done,  the  proportion  of  dif¬ 
ferent  transformations  (plain  language  to  plain  language,  plain  language 
to  symbols),  and  the  method  of  transforming  (simple  annotations  such  as 
underlining  and  circling  versus  highly  formalized  formats  and  templates) . 

In  the  information  screening  f, motion,  factors  such  as  load,  number, 
and  types  of  sorting  classes,  routing,  and  the  configuration  of  individ¬ 
uals  for  the  effective  handling  of  large  masses  of  varied  raw  data  emerge 
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from,  and  must  be  amalgamated  with,  the  questions  discussed  above. 
Anal  gamut Ion,  synthesis,  integration,  and  other  total  system  concepts 
are  the  subject  following  this  section. 


STUDIES  IN  SYSTEM  INTEGRATION 


The  previous  sections  of  the  present  report  dealt  with  questions 
and  problems  that  interact  within  and  across  each  of  the  critical  real¬ 
time  information  processing  functions  or  subsystems.  Total  system  con¬ 
cepts  were  treated  briefly  by  allusion  or  implication.  Problems  con¬ 
cerning  the  total  system  will  be  treated  more  explicitly. 

Questions  in  the  area  of  system  integration  fall  into  two  major 
categories:  integration  of  functions  and  subsystems  within  the  TOS, 
and  integration  of  tbe  TOS  within  a  larger  framework  or  complex  of  major 
systems  such  as  the  ADSAF.  In  the  first  category,  emphasis  is  placed  on 
internal  consistency  and  compatability.  In  the  second,  interfaces  with 
other  major  systems  and  contributions  to  the  goals  of  a  higher  order  of 
system  integration  must  receive  major  attention.  Again,  because  of  the 
nature  of  the  interdependencies  involved,  questions  in  both  categories 
of  concern  must  be  treated  or  regarded  simultaneously  to  whatever  extent 
possible . 


Within  TOS 

Performance  measures.  Performance  measures  sure  needed  at  three 
levels :  at  the  total  system  level,  at  the  subsystem  level,  and  at  the 
level  within  a  system  or  subsystem  where  individuals  operate  in  critical 
positions.  By  measuring  performance  at  these  three  levels  simultaneously 
the  relationships  among  them  can  be  ascertained.  It  may  then  be  possible 
to  predict  the  effects  of  changes  in  performance  at  one  level  on  perform¬ 
ance  at  other  levels-  Information  cn  these  relationships  is  necessary  to 
avoid  the  pitfalls  of  suboptimization--a  situation  wherein  performance  is 
improved  at  the  subsystem  or  individual  level  at  the  expense  of  total  ays 
tern  performance. 

To  the  maximum  extent  possible,  the  performance  measures  will  be 
objective  and  quantified.  They  nay  be  obtained  from  records  that  sure 
routinely  maintained  or  frem  forms  devised  specifically  for  these  studies 
In  Boo:  cases,  Judgments  by  knowledgeable  operational  personnel  will  be 
used.  The  measures  contemplated  will  vary  in  specificity  and  inclusive¬ 
ness. 


Relevant  and  objective  performance  measures  are  a  basic  requirement 
for  all  further  research.  The  measures  developed  are  expected  to  reflect 
the  effects  of  variations  in  conditions  or  variables.  Examination  of 
such  effect b  will  make  it  possible  to  identify  those  factors  which  make 


a  significant  contribution  to  the  overall  success  or  failure  of  the 
system.  Additionally,  such  measures  will  be  of  use  to  camaanders  in  as¬ 
sessing  the  capabilities  of  their  system,  subsystems,  and  individuals. 

Manual  backup  system.  Highly  complex  automated  systems  such  as  are 
contemplated  are  susceptible  to  breakdown.  For  obvious  reasons,  questions 
of  system  component  redundancy  and  manual  backup  systems  merit  a  great 
deal,  of  attention.  Under  the  assumption  that  profuse  hardware  redun¬ 
dancy  may  eliminate  most  of  the  dovn-time  problems  but  that  cost  con¬ 
straints  will  preclude  such  an  approach,  research  in  this  area  will  focus 
on  manual  backup  of  automated  systems.  Since  it  will  probably  be  impos¬ 
sible  to  duplicate  in  manual  operations  *1 1  the  information  and  proces¬ 
sing  handled  by  a  computerized  system,  a  major  objective  will  be  to  de¬ 
termine  the  elements  that  are  essential  and  should  be  included  in  a 
manual  backup  system.  Additional  problems  include  the  number  and  kinds 
of  persons  that  are  needed,  their  organization,  methods  and  procedures 
to  be  used  by  them,  and  alternate  channels  and  rules  of  communication. 
Studies  will  be  conducted  in  which  these  and  other  factors  will  be 
manipulated  in  the  context  of  system  breakdown  and  switchover  to  manual 
backup  system  during  problem  solving  and  decision  making  tasks. 

Allocation  of  functions  to  man  and  equipment.  Based  on  numerous 
studies  outlined  earlier,  considerable  information  will  be  available  cn 
the  capabilities,  limitations,  and  reliability  of  men  and  equipment. 

This  area,  therefore,  will  concern  itself  with  the  best  blend  of  func¬ 
tional  allocation  among  men  and  equipment.  Research  will  attempt  to 
show  the  relative  effectiveness  of  various  functional  allocations  for 
performance  of  the  command  systems  mission.  Implications  of  the  findings 
will  be  in  terms  of  capabilities  that  need  to  be  incorporated  into  the 
system.  For  example,  what  should  be  automated  and  what  manual?  How 
complex  and  exotic  should  the  hardware  be?  What  special  hardware  aids 
are  necessary?  Is  specialized  training  indicated? 

System  conf iguration.  'This  area  is  related  to  the  one  Just  dis¬ 
cussed  in  that  it  deals  with  the  physical  configuration  of  all  the 
elements  that  make  up  the  system.  Physical  considerations  include  the 
actual  spatial  layout  and  placement  of  men  and  equipment  fear  best  per- 
nance  of  the  mission.  Uthsr  rrcblems  such  as  rapid  system  set -ivn 
and  close-down,  mobility,  and  dispersion  must  be  resolved  for  a  quid*  - 
response  field  army  system.  It  i3  planned  that  most  of  the  research  nu 
this  area  will  involve  study  of  these  problems  through  mockup  ana  mani¬ 
pulation  of  models  of  equipment  and  people. 

System  procedures.  Another  related  area  concerns  total  system  work 
methods,  rules,  procedures,  communl cation  channels,  information  flow, 
and  coordination  among  staff  elements.  Focus  is  cc  the  integration  cf 
a  multitude  of  tasks,  functions,  and  purposes  into  a  snootily  running 
operation  wherein  several  purposes  must  be  served  simultaneously  so  that 
:—l  the  resources  possible  may  be  brought  to  bear  toward  the  ultimate 
objective.  This  area,  as  the  previous  area,  has  potential  for  many 
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combinations  and  permutations  in  arriving  at  an  optimal  solution.  Conse¬ 
quently,  it  will  be  necessary  to  reduce  the  many  possibilities  through 
systems  anslysis  to  a  feasible  number  that  can  be  tested  and  evaluated. 

Simulation.  In  many  instances,  it  will  be  possible  to  test  various 
total  system  problems,  concepts,  and  approaches  through  analytical  treat¬ 
ment  of  logical  models  and  computer  simulation,  Iram  seme  of  the  earlier 
studies,  it  will  be  possible  to  furnish  sane  empirically  based  parametric 
values  for  use  in  the  models.  This  whole  procedure  will  then  serve  as  a 
screening  process  for  reducing  the  number  of  additional  research  studies 
to  be  conducted  and  will  permit  focusing  and  emphasis  on  the  problems 
that  merit  the  greatest  effort.  In  order  to  minimize  requirements  fox, 
and  interference  with,  operational  systems,  lab oratory- type  simulation 
equipment  and  methods  will  also  be  used.  On  occasion,  older  systems  or 
components  may  serve  as  simulators  and  vehicles  for  the  study  of  more 
advanced  systems.  Ultimately,  however,  it  will  be  necessary  to  do  a 
substantial  portion  oi  research  using  operational  systems  and  personnel 
in  the  field  or  at  training  centers .  This  is  particularly  important 
when  it  is  not  possible  to  simulate  the  systems  with  sufficient  fidelity 
and  when  final  testing  and  validation  must  be  accomplished. 


TOS-ADSAF  Interface 

As  mentioned  earlier,  the  TOS  itself  is  part  of  a  larger  system 
complex  within  which  there  exist  mutual  interdependencies.  Many  of  the 
questions  raised  at  other  levels  throughout  the  program  of  research  are 
also  applicable  at  this  level  of  conceptualization  and  discourse . 

Rather  than  trace  each  question  through  to  this  level,  questions  relative¬ 
ly  specific  to  this  level  will  be  dealt  with  very  briefly  and  in  general 
terms. 


For  example,  informational  requirements  and  interdependencies  have 
to  be  ascertained  and  ways  devised  to  satisfy  them.  In  the  attempt, 
other  questions  will  emerge.  Should  the  various  systems  of  the  ALSAF 
feed  and  update  information  to  each  other  automatically  and  periodically 
or  should  they  do  this  upon  request?  Such  a  question  has  implications 
for  the  problems  of  centralization-decentralization  of  critical  data 
bases.  Hcrw  much  duplication  and  overlap  should  there  be  wjnrmg  the  vari¬ 
ous  systems?  The  question  must  be  viewed  in  terms  of  the  need  for  capa¬ 
bility  for  independent  operation  and  backup.  These  are  but  a  few  of  the 
many  problems  that  will  arise  in  interfacing  the  several  systems  so  that 
requirements  of  ccmpatability,  speed,  accuracy,  and  smooth,  uninterrupted 
functioning  are  met. 

In  carrying  out  this  program  of  research,  total  system  integration 
considerations  and  problems  will  provide  a  context  within  which  the  more 
specific  studies  will  be  accomplished.  The  final  and  most  cxsaningful 
grappling  with  integration  and  synthesis  must  await  the  accumulation  of 
hard  facts  concerning  the  elements,  components,  and  subsystems  that  are 
to  be  integrated. 
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